In fully adjusted models, females had a 10.6 (95 % CI: 10.0-11.2) higher percentage point rate of receipt than males, and residence in any of the Southern United States divisions was associated with a greater than 10 percentage point higher rate, as compared with the reference New England division. Higher rates were also observed among enrollees with low personal income (6.5 percentage points, 95 % CI: 5.5-7.5), relative to those without low income and those residing in areas in the lowest quintile of socioeconomic status (2.7 points, 95 % CI: 1.9-3.4) relative to persons residing in the highest quintile. Enrollees ≥ 85 years old, black enrollees, and other minority groups were less likely to receive these medications. Over 38 % of MA enrollees residing in the hospital referral region of Albany, Georgia received at least one HRM, a rate four times higher than the referral region with the lowest rate (Mason City, Iowa). CONCLUSIONS: Use of HRMs among MA enrollees varies widely by geographic region. Persons living in the Southern region of the U.S., whites, women, and persons of low personal income and socioeconomic status are more likely to receive HRMs.
A dverse drug events resulting from poor quality prescribing are a significant public health problem. 1 An increased burden of chronic diseases and age-related changes in drug metabolism predispose the elderly to adverse drug events precipitated by the use of high risk medications (HRM). 2, 3 HRM use in the geriatric population is associated with increases in morbidity, mortality, hospitalization, inpatient length of stays, and health care spending. [4] [5] [6] HRMs in the elderly are broadly defined as medications that should be avoided among patients 65 years of age or older, because the associated adverse effects outweigh potential benefits or because safer alternatives are available, 7 a principle codified most prominently by the Beers 8 and Zhan 9 criteria. To improve the quality of drug prescribing in the elderly, the Centers for Medicare and Medicaid Services (CMS) requires all Medicare Advantage (MA) health plans to report publicly on the prescribing rates of HRMs, as defined by the Healthcare Effectiveness Data and Information Set's (HEDIS) "Drugs to Avoid in the Elderly" quality measure. The term HRM is often used interchangeably with 'potentially inappropriate medication', 8, 9 a phrase that acknowledges the complexity inherent in assessing the quality of patient-specific drug management decisions among heterogeneous patient populations. In this manuscript, we use 'high risk,' because that is the specification of the quality measure used in the analysis.
Successful efforts to reduce HRM use in the elderly require knowledge of how prescribing of these agents varies geographically and the factors that predict their use. However, there are few nationally representative studies of the prevalence and predictors of HRM use, particularly following the implementation of the Medicare prescription drug benefit in 2006. Medicare Part D extended prescription drug coverage to the majority of Electronic supplementary material The online version of this article (doi:10.1007/s11606-012-2244-9) contains supplementary material, which is available to authorized users.
Medicare's approximately 44 million beneficiaries, only one-third of whom had drug coverage previously. More universal access to drug coverage among the elderly has increased pharmaceutical use, 10, 11 and therefore, by extension, opportunities for receipt of HRMs. Further, there is limited evidence about HRM use in the MA program, which now comprises approximately 25 % of the Medicare population. Because such plans assume financial risk for paying for Medicare-covered services and integrate the financing and delivery of care, and because the MA population may be healthier, on average, and younger than traditional Medicare enrollees, 12 the rate of HRM use in this population may differ from that observed in the traditional Medicare population.
In this study, we examined predictors of HRM use utilizing the HEDIS quality indicator in a national sample of over 6 million elderly MA enrollees. We also characterized geographic variation in HRM use with the aim of identifying subpopulations at increased risk of receiving these medications.
METHODS

Data Sources
We obtained individual-level Medicare HEDIS data for the 2009 calendar year from CMS. The National Committee for Quality Assurance (NCQA) developed HEDIS to measure and compare the quality of care delivered to enrollees in health plans. Since 1997, all Medicare managed care plans have been required to submit HEDIS data to the CMS. In 2005, NCQA developed two HEDIS quality indicators, both entitled "Drugs to Avoid in the Elderly," to measure the percentage of Medicare enrollees in each plan that received at least one HRM or at least two different HRMs. Clinical comorbidity information and the names of specific medications are not available in the HEDIS data (refer to eTable 1 in the online appendix for a list of medications included in the measure).
Conceptually and operationally, the Beers and Zhan criteria for use of "potentially inappropriate medications in the elderly" form the backbone of the HEDIS measures. Both measures, Beers in particular, are widely used in the literature and have been accepted through various iterations as the best available clinical tools for the screening of HRMs. Research has shown a link between medications on the Beers list and serious adverse effects in the elderly, including falls, fractures, gastrointestinal bleeding, and delirium. [13] [14] [15] The final list of 110 medications used to identify claims for HRMs borrows heavily from the Zhan and Beers criteria and was determined by NCQA through a modified Delphi consensus process that included a panel of clinical, methodological, and organizational science experts. A more detailed description of this process 16 and comparison of the HEDIS measure with other criteria can be found elsewhere. 17 
Study Population
We matched 98 % of the HEDIS observations to the Medicare enrollment file from the corresponding year to determine enrollees' demographic characteristics. We used the CMS Medicare Advantage Plan Directory to obtain information on health plan characteristics. If these data were missing, we contacted the health plan directly. Using the Dartmouth Atlas of Healthcare, we assigned each enrollee to a hospital-referral region (HRR) on the basis of zip code of residence. HRRs represent distinct regional health care markets within which residents seek the services of a tertiary hospital or major referral center. 18 HRRs have been utilized widely to characterize geographic variation in healthcare quality and delivery.
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Among 6,514,278 enrollees eligible for the HEDIS measure, we excluded 86,131 who died during the measurement year, who were outside the U.S., or those enrolled in health plans outside the U.S. We further excluded 8,707 observations from six plans that erroneously reported a greater rate of enrollees receiving two or more HRMs than the rate of enrollees receiving one or more HRMs. After all exclusions, the final study sample consisted of 6,204,824 enrollees.
Outcome Variables
The two primary dependent variables of interest were: (1) receipt of at least one prescription for a HRM; and (2) receipt of at least two different HRMs during the measurement year as defined by the HEDIS "Drugs to Avoid in the Elderly" quality indicators. To be eligible for inclusion in the denominator for either indicator, enrollees must be 65 years of age or older, continuously enrolled in the managed care plan throughout the measurement year, and have prescription drug benefits for the duration of the measurement year. To be included in the numerator, enrollees were required to have a prescription drug claim for at least one (for first measure) or at least two HRMs (for second measure).
Independent Variables
Descriptive variables defined at the individual level included age (65-69, 70-74, 75-79, 80-85, ≥ 85), sex, race (white, black, other), low personal income (defined by receipt of Medicare State Buy-in assistance 22 ), U.S. census division of residence (refer to eTable 2 in online appendix for list of states in each division), and socioeconomic status (SES) index score (by quintile). The SES index score is a composite measure of area-level socioeconomic status derived from zip code-level employment, housing, income, education and crowding data. Composition and creation of the score is described in detail by the Agency for Healthcare Research and Quality. 23 Plan-level independent variables included model type (group/staff, independent practice association, mixed/network), plan age (determined by the date the plan began its operation: before 1980, 1980-1999, and after 2000), beneficiary enrollment per plan (0-24,999, 25,000-99,999, ≥ 100,000), and plan tax status (for-profit, not-for-profit). All variables were tested for non-collinearity.
Statistical Analysis
We determined the percentage of eligible enrollees who met the numerator criteria for the two HEDIS indicator measures in each sociodemographic and health plan-level subgroup and used χ2-square or t-tests to compare the characteristics of enrollees receiving a HRM to those who did not. To identify predictors of HRM use, we fit generalized linear models to predict receipt of a HRM using the independent variables described above. We modeled outcomes on the risk-difference scale and accounted for clustering of enrollees within health plans using generalized estimating equations. Three models were fit: model 1 controlled for the individual-level characteristics of age, sex, race, and low personal income; model 2 included all variables from model 1, as well as communitylevel characteristics of zip code-based SES index score and census division of enrollee residence; and model 3 included all variables from models 1 and 2, as well as health plan characteristics (model type, profit status, enrollment size, and plan age).
To determine the extent of geographic variation in HRM use, we calculated the proportion of total eligible enrollees in each HRR that met the criteria for each of the HEDIS indicators. National maps were created to display the geographic variation in rates of HRM use for each measure.
Statistical tests were two-sided, with only P<0.005 considered statistically significant, due to the large sample size. All analyses were performed using SAS statistical software (version 9.3; Cary, North Carolina) and maps were created using ArcGIS software (version 9.3; Redlands, California). The study was approved by Brown University's Human Research Protections Office.
RESULTS
In the final sample, the rates of receipt of at least one HRM and of at least two HRMs were 21.5 % and 4.8 %, respectively. The mean age of enrollees was 74.5 years; 58 % were women and 83 % were white. The characteristics of persons receiving and not receiving HRMs are presented in Table 1 .
In fully adjusted analyses (Table 2) , female gender, low personal income, and white race were significant predictors of receipt of a HRM at the individual level. In comparison to the reference age group, which included those 65-69 years of age, the oldest age category appeared to have a protective effect, with significantly lower rates of receipt of HRMs among those enrollees. At the community level, SES index quintile showed a graded response, with lower SES scores associated with higher rates of receipt of HRMs. Although most of the census divisions had significantly higher rates of receipt of HRMs when compared to the reference New England division (with the exception of Middle Atlantic and the West North Central divisions), the extent of this difference was highest (> 10 %) among divisions in the Southern U.S. region, including the South Atlantic, East South Central, and West South Central divisions. Plan-level characteristics did not predict use of HRM medications.
HRRs vary substantially with respect to HEDIS measures of quality prescribing (Fig. 1) . The HRR with the highest proportion of MA enrollees receiving at least one HRM was Albany, Georgia, where 38.2 % of enrollees received at least one HRM. The HRR with the highest proportion of enrollees receiving at least two HRMS was Alexandria, Louisiana, where 13.5 % received at least two different HRMs. The rate in Albany was approximately four times higher than the HRR with the lowest rate of receipt of at least one HRM-Mason City, Iowa. Of additional note, the rate of receipt of at least two HRMs in Alexandria was 20 times higher as compared to the HRR with the lowest rateWorcester, Massachusetts (13 % vs. 0.7 %). The twenty lowest performing HRRs were all in the Southern region of the U.S. In contrast, only one of the twenty highest performing HRRs was in the South; the remainder were either in the Midwest or Northeast census regions. The results for the use of two or more HRMs were similar and are therefore not shown here.
COMMENTS
In 2009, of the 6,204,824 eligible Medicare Advantage enrollees included in this population-based, cross-sectional analysis, 21.5 % received at least one HRM and 4.8 % received at least two, as defined by the HEDIS quality measures. In fully adjusted analyses, females had a 10.6 higher percentage point rate of receipt of at least one HRM (95 % CI: 10-11.2) compared to males. Persons residing in the West South Central, East South Central and South Atlantic census divisions had a percentage point rate of 10 or higher of receiving HRMs compared with those residing in New England. We observed increased rates of use of HRMs among white enrollees, individuals with low personal income, and those residing in areas of lower socioeconomic status. The direction of the gender difference was not surprising, as some of the medications categorized as high risk by HEDIS are prescribed only to women (e.g. oral estrogens), or are treatments for conditions that are more prevalent in women. Examples include psychopharmacologic agents such as long-acting benzodiazepines, 24 analgesics, 25 and anticholinergics. 26, 27 Previous work examining use of HRMs in the community-dwelling elderly has also consistently identified males as having decreased risk of receipt of HRM medications. 9 The magnitude of the gender difference is of particular note. One study that examined the persistent gender differences in utilization of HRMs reported that even after controlling for sociodemographic characteristics, number of medications, and comorbidities, women remained at significantly higher risk of receipt of HRMs. 28 That racial minority status is associated with lower use of mental health services may also explain the slightly lower risk of HRM use in blacks and other non-white groups. [29] [30] [31] More research is needed to better elucidate the process by which these gender and racial differences arise.
In addition to gender, region of residence appears to be one of the strongest predictors, with rate differences greater than 10 percentage points for the three Southern census divisions, as compared to the reference New England division. This finding is reflected in Figure 1 , which suggests that geographic variation in HRM use is consistent with patterns described in the Medicare fee-for-service population, 20 where the HRR with the highest rate of inappropriate medication use was also Alexandria, Louisiana. The prevailing maxim for the elderly Medicare population that "geography is destiny" seems applicable to the use of HRMs.
The existence of substantial geographic variation in healthcare quality, costs, and delivery has been well established in the literature. 32 However, the interpretation of such extensive variation remains controversial. It is uncertain who or what principal actors or agents in the process of prescribing may underlie the geographic disparity of the magnitude seen with these HRM measures. One possible explanation is increased poly-pharmacy among those populations in the Southern region with the highest rates of HRM use. This population may also have a greater prevalence of chronic conditions, including for example obesity, 33 which may precipitate use of such medications. 34 Previous research has pointed to both poor health and poly-pharmacy 9, 35 as predictors for receipt of HRMs. However, a recent study of the Medicare fee-forservice population did not find an association between increased HRM use and overall expenditures on prescription drugs. 20 Another possible explanation could be prescribing differences mediated organizationally and geographically vis-à-vis clinician training and education. Further, clinician prescribing behavior may reflect differences in patient preferences or formulary structure in health plan prescription drug coverage. 36, 37 Additional qualitative and quantitative research to better understand the causes and potential adverse consequences of this variation is warranted.
The primary strength of this study lies in its inclusion of a broad set of predictors of HRM use in a recent, nationally representative sample of all elderly Medicare managed care enrollees. Prior research studies of HRM use in the elderly have used older data, 9, 38 or focused on specific healthcare settings 17,39-42 such as nursing homes or home health. In addition, no existing studies have included socioeconomic status and health plan-level variables that may also help explain propensity to receive a HRM. We found that, after accounting for geographic region, the organizational characteristics of health plans are not associated with the likelihood of receiving HRMs.
In 2006, the NCQA reported the use of HRMs among elderly MA enrollees to be 23.1 %. 43 In the Medicare feefor-service population, the rate was estimated at 25.8 % in 2010. 20 The relative stability of the estimates over time and across different elderly populations underscores the challenges of changing prescribing behavior, as well as the need to further emphasize medication management of geriatric patients in clinical training.
Our study has some limitations. HEDIS data lacks information on the number of prescriptions and diagnoses or clinical comorbidities of enrollees; both have been found to be potential predictors of HRM use. 9 As a result, we were not able to determine whether particular medications account for the majority of the HRM use in the MA population. The most recent research utilizing national survey data to assess HRM use in the community-dwelling elderly determined that the most prevalent HRMs of use include propoxyphene, amitriptyline, antihistamines, diazepam, muscle relaxants, gastrointestinal antispasmodics and indomethacin. 35 We were unable to assess whether and to what extent differences in the prevalence of comorbid conditions may account for the geographic variation in HRM use. If, in fact, increased clinical comorbidities may explain the high rates of use of HRMs in the Southern region of the U.S., further efforts to target those populations for more thorough medication management and review should be supported. That there are in many cases alternative medications to those found on the HEDIS list underscores this point. 44, 45 These patients may also be at increased risk for other potentially inappropriate prescribing, including drug-disease interactions and/or drug-drug interactions.
The utility of quality measures of HRM use have been criticized for ignoring contextual factors associated with prescribing by using a "hit list" approach for identifying HRMs. 46 Some clinicians argue that medications on the HEDIS list are in fact appropriate and safe for a subset of their patients, and therefore, the prevalence of HRM use may overestimate true rates of inappropriate medication use. Empirical evidence definitively linking use of HRMs to adverse health outcomes has also been limited, further mitigating efforts to reduce prescribing of such agents in routine clinical practice.
Despite these challenges, the HEDIS measures allow clinicians, health plans, and policymakers to assess HRM use over time and characterize elderly groups that are more likely to receive medications that may predispose them to increased morbidity and mortality. Moreover, prior studies found significant associations between use of specific HRMs and falls, fractures, and self-reported adverse drug events. [13] [14] [15] Most HRMs also have alternatives that are safer for use in the elderly population. 45 
CONCLUSION
Understanding predictors of HRM use at the population level can inform quality improvement efforts to reduce the use of these agents. This study examined the prevalence and predictors of HRMs among a national sample of elderly managed care enrollees. We observed wide geographic variation in the use of these medications that were not explained by sociodemographic characteristics, with the Southern region of the United States having markedly higher rates of use of HRMs. Female gender, white race, low SES index score, and low personal income also predicted receipt of HRMs. Efforts to reduce prescribing of these medications among the elderly should consider the role these factors play in predicting their use.
